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IiMDS System With Equal Power To Subscriber Locations 

Field Of The Invention 

The invention relates to Local Multi-point 
Distribution Services, LMDS , of high-bandwidth, 
5 interactive broadband communications using a system of 
cell-site antennas transmitting wireless millimeter wave 
communications . 
Background Of The Invention 

A known system of cell-site LMDS antennas, 

10 described in U.S. Patent 4,747,160, has omni-directional 
cell sites arranged in center-excited cellular patterns 
of a reused main signal to provide one-way broadband, 
television, TV, service using mm. wave carriers centered 
about 28 gHz. For example, 1 gHz . of bandwidth centered 

15 at 29 gHz. is allocated for TV service in New York City, 
New York. Antennas of transmitters serving the cell- 
sites are referred to as LMDS antennas. Subscribers to 
the service have high gain, narrow beam antenna-receiver 
units. The received signals are down-converted and cable 

20 linked to a set top receiver and encryption unit for 

viewing by the subscribers by way of their conventional 
analog TV receivers. Adjacent cell-sites avoid co- 
channel and adjacent channel interference by having a 
given channel assignment and polarization allocation of 

25 the main signal to achieve spectral efficiency and 

enable frequency reuse. The subscribers are partitioned 
within respective cell-sites, and assumes that each 
receiver site is served solely by one cell-site 
transmitter having an LMDS antenna that is 

30 geographically particular to the one cell-site in which 
the subscriber is located. 

The known system is susceptible to fading of the 
carrier signals due to inclement weather precipitation, 
i.e. rain, and by propagation losses as a function of 

35 increasing distances from the transmitter along the 
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signal path to each of the subscribers , referred to as 
path loss. The subscribers located along different lines 
of sight from the transmitter risk unacceptable signal 
attenuation as a result of their being located along 
nulls between lobes in the radiation pattern of signals 
from the LMDS antenna. 

The known system assumes that an LMDS antenna 
provides line of sight propagation of the transmitted 
signals to multiple subscribers being serviced by a 
given cell-site. The location of the LMDS antenna is 
assumed to be located at the site of maximum elevation 
at the cell-site, to minimize the occasional occurrences 
of shadows in the propagated signal pattern imposed by 
geographically scattered vertical structures, such as 
tall buildings and tank towers within the cell-site. 
However, with the LMDS antenna being located at a 
relative maximum elevation, signal power of the 
transmitted signals that radiate above the horizon and 
into space is denied to the subscribers. 

Accordingly, a millimeter wave communications 
system that uses LMDS antennas needs to provide a polar 
radiation pattern that substantially reduces the power 
of transmitted signals that radiate above the horizon, 
which maximizes the power of signals being radiated 
below the horizon to the subscriber locations. For 
effective power allocation to all subscriber locations 
at various ranges or distances from the LMDS antenna, it 
would be advantageous to counteract signal attenuation 
due to path loss. It would be advantageous to attenuate 
the signal at near range to take advantage of excess 
signal power available to near range subscribers, and to 
tailor the signal with lowered attenuation to supply 
adequate signal power to subscribers at the edge of the 
cell-site . 

Summary Of The Invention 
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The invention relates to wireless distribution of 
broadband communications signals by LMDS antennas that 
counteract signal attenuation, due to the effects of 
path loss. 

Further, the invention relates to wireless 
distribution of mm. wave, broadband communications 
signals by LMDS antennas that counteract signal 
attenuation, due to the effects of precipitation, i.e. 
rain . 

Further, the invention relates to wireless 
distribution of broadband communications signals by LMDS 
antennas counteracting signal attenuation as an inverse 
relationship of 1/D 2 , where D is the Distance from the 
antenna to the subscriber location in the cell-site 
being served by signals transmitted by a corresponding 
antenna . 

Further the invention provides broadband 
communications signals by having an optimum pattern of 
radiation that minimizes nulls between side lobes in the 
polar gain pattern of signal propagation from an LMDS 
antenna to mitigate zones of signal attenuation in the 
line of sight transmitted signal to subscribers 
coinciding with the nulls. 

Further, the invention provides broadband 
communications signals by LMDS antennas that counteract 
signal attenuation due to path loss by attenuating the 
signal at near range to take advantage of excess signal 
power available to near range subscribers, and by 
tailoring the signal with lowered attenuation to supply 
adequate signal power to subscribers at the edge of the 
cell-site . 

Description Of The Drawings 

Embodiments of the invention will now be described 
by way of example with reference to the accompanying 
drawings, according to which: 
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Figure 1 is a graph of carrier signal loss in dB, 
decibels, versus distance in m, meters, to subscribers 
of the signal, as provided by a standard LMDS antenna, 
and by comparison, as provided by an optimum LMDS 
antenna, shown together with graphs of the antenna gain 
and link loss of both such LMDS antennas, and shown 
together with a graph of the known propagation loss 
delta due to the combined effects of path loss and rain; 

Figure la is an enlarged view of a portion of the 
graph shown in Fig. 1; 

Figure 2 is a diagram of subscribers within a cell- 
site being served by an LMDS antenna: 

Figure 3 is a graph similar to that of Fig 3 and 
having a different scale of the distances to 
subscribers; 

Figure 4 is a diagram similar to that of Fig. 2; 

Figure 5 is a graph of the polar gain pattern of a 
carrier signal transmitted by a standard LMDS antenna; 

Figure 6 is a graph of the polar gain pattern of a 
carrier signal transmitted by an LMDS antenna that is 
altered to minimize radiated power above the horizon 
relative to the radiating antenna elements at the top of 
the altered LMDS antenna; 

Figure 7 is a graph of an optimum polar gain 
pattern of a carrier signal transmitted by an optimum 
LMDS antenna that is altered to minimize radiated power 
above the horizon, and to minimize nulls between lobes 
of the polar gain pattern of the transmitted signal; 

Figure 8 is a graph depicting distribution of 
carrier signal amplitude values across the apertures of 
a multiple apertured, optimum LMDS antenna providing the 
optimum polar gain pattern of Fig. 7; 

Figure 9 is a graph depicting distribution of 
carrier signal phase values across the apertures of a 
multiple apertured, optimum LMDS antenna providing the 
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optimum polar gain pattern of Fig. 7; 

Figure 10 is a graph depicting distribution of 
carrier signal power across the apertures of a multiple 
apertured, optimum LMDS antenna providing the optimum 
polar gain pattern of Fig. 7. 
Detailed Description 

With reference to Figs. 2 and 4, a transmitter 
having a typical LMDS antenna 1 is located within an 
omni-directional cell site arranged in a center-excited 
cellular pattern of a mm. wave, reused main carrier 
signal to provide one-way television, TV, service The 
mm. wave carrier, for example, is typically, 1 gHz. of 
bandwidth centered at 28 gHz. When a standard LMDS 
antenna is used at each cell-site, subscribers 2 at the 
edge of the cell-site receive a carrier of low power due 
to attenuation by path loss. Distribution of broadband 
communications signals by the LMDS antenna 1 attenuates 
by the relationship of 1/D 2 , where D is the Distance from 
the antenna to the subscriber location in the cell-site 
being served by the carrier signal. A subscriber 2a is 
shown at an intermediate range line of sight. 

The invention recognizes that the polar gain 
profile of the signal being transmitted by a standard 
LMDS antenna, as shown as the Propagation Loss Delta 
curve 3, in Figs. 1 and 3, is characterised by an excess 
peak power 4, Fig. la, close to the antenna 1, for 
example, within the first 1000 meters range or distance 
from the antenna 1. The excess peak power 4 close to the 
antenna is indicative of the available excess signal 
power, as compared to that required to support signal 
reception at an acceptable signal to noise ratio of a 
subscriber's receiver. From the excess peak power 4, the 
power declines with distance from the antenna due to 
path loss, as shown, in Figs. 1, la and 2, by the link 
loss curve 5. The signals transmitted by the LMDS 
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antenna attenuates by the relationship of 1/D , where D 
is the distance from the antenna to the subscriber 
location in the cell-site being served by the carrier 
signal being transmitted by a corresponding antenna. The 
effects of atmospheric precipitation contributes to 
increasing the rate of attenuation, and its effects are 
included, as shown by the rate of attenuation that is 
present in the Propagation Loss Delta curve 3. With 
reference to the curve 3, the carrier signal attenuates 
with a typical -10.00 dB attenuation at just beyond 
1,000 meters from the antenna. Well before reaching a 
range of 2,000 meters from the antenna, the polar gain 
profile recedes in value to indicate a typical -22.00 dB 
attenuation, which is known to be insufficient to 
support carrier signal reception at an acceptable 
carrier signal to noise ratio by a subscriber's 
receiver . 

According to an aspect of the invention, the excess 
power, which is the power in excess of that needed to 
support signal reception at a range near the antenna, 
is, according to the invention, altered by providing an 
antenna gain at the near range with a higher attenuation 
to reduce the power profile to about a +10 dB gain. At 
farther ranges or distances from the antenna, the 
corresponding attenuation of the carrier signal is 
progressively lowered, so as to maintain a desired +10 
dB gain over the extent of the range of carrier signal 
being supplied throughout the cell-site. Thus, as shown 
in Fig. 1, the Reference Antenna Gain curve 6 indicates 
an ideal, nearly constant, +10 dB gain, throughout the 
distance or range of transmission of the antenna to 
subscribers 2 and 2a, whether near or at the edge of the 
cell-site. To achieve the +10 dB gain throughout the 
cell-site, the antenna 1 is altered from the standard, 
by the number of radiating antenna elements of the 
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antenna 1, and by the phase angle and amplitude of the 
signal across each of the antenna elements, as described 
hereafter, to provide the elevation gain pattern of the 
altered antenna 1 to closely match the expected path 
loss. The altered antenna 1 has its gain depicted as the 
New Antenna Gain curve 7, as shown in Figs. 1 and 3. An 
antenna 1 having the new antenna gain as depicted in 
Figs. 1 and 3, corresponds to the antenna 1 providing a 
carrier signal maintaining the desired +10 dB gain as 
received by the subscribers throughout the cell-site, 
and counteracting attenuation due to path loss and 
precipitation, i.e. rain. 

When a standard LMDS antenna is used, the 
subscribers 2 and 2a risk being along lines of sight 
that coincide with nulls between lobes of the carrier 
signal pattern. The nulls present zones of signal power 
loss of inadequate link loss margin. According to the 
invention, nulls are minimized, so as to counteract low 
signal strength of the carrier coinciding with such 
nulls. According to the invention, the adjustment of 
the amplitude and the phase angle of the signal to each 
of the radiating antenna elements of the antenna 1 
eliminates the depth of the nulls between side lobes of 
the antenna radiating pattern. This minimizes gain 
ripple as a function of angle off boresight 8, Figs. 2 
and 4, which is typically associated with the radiation 
pattern of a standard LMDS antenna. 

As shown in Fig. 5 a transmitter having a standard 
LMDS antenna 1, with its radiating antenna elements at 
an elevation = h from the earth, has a polar antenna 
gain pattern with a main lobe 9, of maximum gain, along 
the horizon at the elevation h. The polar antenna gain 
pattern extends above the horizon. However, the antenna 
elevation h is selected to correspond to the highest 
elevation relative to that of all subscriber locations 
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within the same cell-site. Accordingly, the gain pattern 
above the horizon represents signal gain that is denied 
to subscribers 2 and 2a that are at lower elevations. 
According to the invention, the LMDS antenna 1 is 
altered by the number of radiating antenna elements and 
the phase angle of carrier signals supplied to the 
antenna elements to minimize the portion of the gain 
pattern profile that occurs above the horizon. As shown 
in Fig. 6 the gain pattern above the horizon is 
substantially reduced in area bounded by the gain 
pattern, as compared to that of the gain pattern along 
and below the horizon. As shown, the reduced area 
bounded by the gain pattern that is directed above the 
horizon indicates the extent to which power in the gain 
pattern has been reduced, which minimizes the signal 
strength of that portion of the gain pattern that is 
directed above the horizon, and is denied to the 
subscribers 2 and 2a in the cell-site. 

The contour of the polar antenna gain pattern, Fig. 
5, that corresponds to a standard LMDS antenna, has 
multiple side lobes 10, of lesser gain, and relatively 
deep nulls 11 between the lobes 9 and 10, with the 
deeper nulls 11 being between the side lobes 10. With 
the boresight 12 being the line of sight of the antenna 
elements to a subscriber 2 at an edge of the cell-site, 
other subscribers 2a in the cell-site are located along 
other angles 8 off the boresight 12. The angles 8 off 
the boresight 12 are a function of 1/D, the reciprocal 
of the distance D along the line of sight to the 
subscriber locations from the radiating elements of the 
antenna 1. The carrier signals of least gain are 
provided to subscriber locations along lines of sight at 
respective angles 8 off the boresight 12 that coincide 
with respective nulls 11. Minimizing the depths of the 
nulls 11, will avoid having zones of insufficient signal 
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gain to subscriber locations that have their lines of 
sight that coincide with the nulls 11 in the radiation 
pattern. With reference to Fig. 1, due to the depth of 
the nulls 11 in the radiation pattern of a standard LMDS 
antenna, insufficient signal gain is likely to occur 
along the nulls 11. The contour of the polar gain 
pattern, Fig. 6, that corresponds to reduction of the 
gain pattern profile that occurs above the horizon, 
still retains relatively deep nulls 11 between lobes 9 
and 10. Thus, subscriber locations risk having their 
lines of sight to coincide with the relatively deep 
nulls 11, which are accompanied by insufficient signal 
gain occurring along the nulls 11. Accordingly, the 
invention recognizes that the relatively deep nulls 11 
are unacceptable in the gain pattern of an LMDS antenna 
1 even though the antenna 1 is altered to provide a gain 
pattern having a minimized profile that occurs above the 
horizon . 

With reference to Fig. 7 there is depicted an 
optimum antenna gain pattern corresponding to an LMDS 
antenna 1 having twenty nine radiating antenna elements 
collectively providing the gain pattern. The adjustment 
of the amplitude and phase angle of the signal to each 
of the antenna elements will reduce the number and the 
depths of nulls 11 between lobes 9 and 10, particularly 
for the nulls 11 between side lobes 10, of the radiation 
pattern. The ripple like variation in the gain pattern 
as a function of the angle 8 off boresight 12 is reduced 
substantially to a smoothed radiation pattern having 
fewer and shallower zones within the cell site that tend 
to approach an unacceptable link loss margin. The choice 
of the number of antenna elements of the LMDS antenna 1, 
and the phase angle of each of the antenna elements, 
will result in an optimum antenna 1, the gain pattern of 
which will substantially counteract the expected path 
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loss. As shown in Figs. 1 and 3, the gain of the optimum 
new antenna is depicted by the New Antenna Gain curve 7 
that has larger values of dB attenuation at near range, 
and lesser values of dB attenuation at farther ranges, 
which counteracts the expected path loss and attenuation 
due to precipitation. The optimum LMDS antenna 1 
minimizes excess signal power, adjacent the peak power 
4, being transmitted to nearby subscribers and optimizes 
transmitted signal power throughout , the cell-site to the 
edge of the cell-site. An improvement of 5 dB to 8 dB 
impact on the link loss margin is attained to 
dramatically improve quality of service to the 
subscribers at the cell edge. 

With reference to Fig. 8, there is depicted a graph 
of normalized field amplitude versus phase across 
aperture to indicate the distribution of relative signal 
amplitude across each of the apertures of a multiple 
radiating element LMDS antenna 1, for example, a twenty 
nine radiating element LMDS antenna 1 of optimum 
elevation radiation pattern substantially approximating 
that shown in Fig. 7. 

Fig. 9 depicts a graph of phase in degrees versus 
signal power across aperture to indicate the 
distribution of relative signal phase across the 
apertures of a multiple radiating element LMDS antenna 
1, for example, a twenty nine radiating element LMDS 
antenna 1 of optimum elevation radiation pattern 
substantially approximating that shown in Fig. 7. 

Fig. 10 depicts normalized power in dB versus 
aperture in wavelengths to depict the distribution of 
relative signal power across the apertures of a multiple 
radiating element LMDS antenna 1, for example, a twenty 
nine radiating element LMDS antenna 1 of optimum 
elevation radiation pattern substantially approximating 
that shown in Fig. 7. 
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Although an embodiment of the invention has been 
described, other embodiments and modifications of the 
invention are intended to be covered by the spirit and 
scope of the appended claims. 



17286 



11 



What is claimed is: 

1. A local multipoint distribution service system 
having an antenna for transmitting a signal of reused 
frequency within a specified range from the antenna, the 

5 antenna having multiple radiating antenna elements, each 
of the antenna elements being adjusted in phase and in 
amplitude of radiated signal across the radiationg 
elements to mitigate radiation above the horizon, and 
each of the antenna elements being adjusted in phase and 
10 in amplitude of radiated signal therefrom to decrease 
attenuation in radiated power with distance from the 
antenna . 

2. A local multipoint distribution service system 
as recited in claim 1, and further comprising: each of 

15 the antenna elements being adjusted in phase and 

amplitude of signal across the antenna elements to 
mitigate nulls between lobes of combined radiated 
signals collectively from the antenna elements. 

3. A local multipoint distribution service system 
20 as recited in claim 1 and further comprising: each of 

the antenna elements being adjusted in phase and in 
aamplitude of signal across the antenna elements to 
reduce excess signal power at near range. 
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ABSTRACT 

A local multipoint distribution service system 
having an antenna (1) for transmitting a signal of 
reused frequency within a specified range from the 
5 antenna (1), the antenna (1) having multiple radiating 
antenna elements, each of the antenna elements being 
adjusted in phase and in amplitude of radiated signal 
across the radiationg elements to mitigate radiation 
above the horizon, and each of the antenna elements 
10 being adjusted in phase and in amplitude of radiated 
signal therefrom to decrease attenuation in radiated 
power with distance from the antenna (1) . 
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IN THE UNITED STATES PATENT AND l&ADEMAKK OFFICE 

Docket No. 17286 
DECLARATION AND POWER OF ATTORNEY 

As a below named inventor, I hereby declare, of my own 
knowledge or on information and belief, that: 

My residence, post office address and country of 
citizenship are as stated below next to my name; 

I am the original, first and sole inventor, if only one 
inventor is identified below, or an original, first and joint 
inventor, if more than one inventor is identified below, of ^ 
the subject matter which is claimed and for which a patent is 
sought and which is entitled: 

LMDS System With Equal Power To Subscriber Locations 
Title of the Invention 

and which is described and claimed: 

x in the attached application including 

specification and claims if this line is marked, 
I have reviewed and understand the contents of the 
specification and the claims; 

I acknowledge the duty to disclose information which is 
material to the examination of the application in accordance 
with 37 CFR §1. 56(a). The text of 37 CFR §1. 56(a) states, 

"A patent by its very nature is affected with a public 
interest. The public interest is best served, and the most 
effective patent examination occurs when, at the time an 
application is being examined, the Office is aware of and 
evaluates the teachings of all information material to 
patentability. Each individual associated with the filing and 
prosecution of a patent application has a duty of candor and 
good faith in dealing with the Office, which includes a duty to 
disclose to the Office all information known to that individual 
to be material to patentability as defined in this section. The 
duty to disclose information exists with respect to each pending 
claim until the claim is cancelled or withdrawn from 
consideration, or the application becomes abandoned. Information 
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material to the patentability of a claim that is cancelled or 
withdrawn from consideration need not be submitted if the 
information is not material to the patentability of any claim 
remaining under consideration in the application* There is no 
duty to submit information which is not material to the 
patentability of any existing claim. The duty to disclose all 
information known to be material to patentability is deemed to 
be satisfied if all information known to be material to 
patentability of any claim issued in a patent was cited by the 
Office or submitted to the Office in the manner prescribed by §§ 
1.97(b) -(d) and 1*98. However, no patent will be granted on an 
application in connection with which fraud on the Office was 
practiced or attempted or the duty of disclosure was violated 
through bad faith or intentional misconduct. The Office 
encourages applicants to carefully examine; 1) prior art cited 
in search reports of a foreign patent office in a counterpart 
application, and 2) the closest information over which 
individuals associated with the filing or prosecution of a 
patent application believe any pending claim patentably defines, 
to make sure that any material information contained therein is 
disclosed to the Office;" 

I hereby claim the benefit under 35 USC §119 (e) of any 
United States provisional application (s) listed below. 

Provisional Application No.: 60/093, 360 
Filing Date: July 20, 1998 

and I acknowledge the duty to disclose to the Office all 
information known to me to be material to patentability as 
defined in 37 CFR §1.56 (a) which became available between the 
filing date of the prior application and the national or PCT 
international filing date of the continuation-in-part 
application . 
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X hereby declare that all statements mad** of my own 
knowledge are true and "that &11 statements -made on information 
and belief are believed to be true, and I am warned that willful 
false statements and the lifce are punishable by fine or 
Imprisonment, or both r <18 asc §1001} and may jeopardise the 
validity of the application or any patent issuing thereon, 

I hereby appoint Jack C* Goldstein (Registration No. 
24502), Gerald K, Kita (Registration No. 24125), Katharine A* 
Nelson {Registration No. 30066), Anton 8ess (Registration l$o* 
28453), Bruce Wolstonoroft (Re^isfcr&tipzn No. 32075), Driscoll 
A- Slina, Jr. (Registration No- 346S5) r Eiobert J- K&paltea 
(Registration No* 34196} r June S. Schuette (Registration Wo- 
37328}, Williams. F«mc©0 Registration No. 38456), Salvatore 
Anastasi (Registration No- 39090) , Mary K, Van&tten 
(Registration No* 3940BJ p and Bradley N. Ditty [Registration No, 
40994) whose post office address is- The Whitaker Corporation.,- 
4550 Sew Linden Mill Road, Suite 450, Wilmington , DE 19808 r or 
their duly appointed associate, *ny attorneys or agents with full 
powers of substitution and revocation,, to prosscute this 
application* to make alterations and amendments therein, to 
receive the Letters Patent f and to transact all business in the 
O.S, Patent and ^Trademark Office in connection therewith* 

Direct all correspondence to the address: 

ffh* 'WhitaJtes: Corporation 
4550 Itew IiiBdw &xl£ Road 
Suifce 450 

Wilmington , Delaware 19808-2952 
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Charled Rugaell Wright ni 
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